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Abstract

Data from the 1993 Farm Costs and Returns Survey were used in a multi-variate
analysis framework to determine factors associated with the financial performance
of commercial dairy farm operations. Statistical equivalency tests revealed regional
differences in the way extensive indebtedness, size of operation, and labor cost
affect net farm incomes. Regional differences were also found in terms of how milk
production per cow, per-unit cost of purchased feed, and level of adoption of capital
intensive technologies affect per-unit returns. Examination of the variation in the
net farm income of commercial dairy farms using the method of coefficients of
separate determination identified the size of the operation, regardless of the location
of the farm business, as the factor contributing the most to the variability in net farm
income. On a per-unit-of-returns basis, factors found most important in explaining
the variation in net returns per hundredweight of milk sold were cow’s productivity,
and per-cow forage production and purchased feed costs.

Keywords: Financial performance, net farm income, technological adoption, Lorenz
curve, Gini coefficient.
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Summary

Data from the 1993 Farm Costs and Returns Survey (FCRS) were used to determine
the factors that contribute to the financial performance of commercial dairy
operations in the traditional milk-producing States (MN, MI, WI, PA, NY, VT) and

the non-traditional milk-producing States (FL, CA, WA, TX, AZ). As in the case of
net farm income, the size of operation as measured by the number of milking cows
in the non-traditional milk-producing States was at least five times larger than in
traditional milk-producing States. Because of their large scale of operation,
commercial dairy farms in non-traditional milk-producing States tended to use twice
as much labor and own twice as much farm assets. Use of concentration measures
such as the Gini coefficient and Lorenz curves demonstrated that milking cow
inventory, milk sales, debt capital, farm assets, farm equity, and income (both net
cash and net farm) were more concentrated in the non-traditional milk-producing
States than they were in the traditional milk-producing States. Concentration in
debt capital, farm assets, dairy production, each tended to play a significant role in
the explanation of interstate variation in financial performance.

Regression results based on a net farm income model indicated the importance of
farm size, regardless of the location of the dairy farm business, in explaining farm
financial performance. For commercial dairy farms in the traditional milk-

producing States, a milking practice that involved a combination of advanced
milking parlors and a membership in a production record keeping system tended to
have a positive and significant effect on farm financial performance. Profitability in
milk production in the non-traditional milk-producing States depends significantly

on the level of indebtedness, as results pointed to a potential reduction in income of
nearly $6,310 for every 1-percent increase in debt-to-assets ratio. For commercial
dairies in the traditional milk-producing States, increases in the proportion of rented
acreage, and per-cow costs of purchased feed and of land, buildings, and equipment
were significant in their ability to lower the net farm income of commercial dairies

in the traditional milk-producing States. Age of the operator and profitability

tended to be negatively correlated.

For commercial farms in the non-traditional milk-producing States, regression
results based on a per-unit returns model revealed the importance of controlling the
per-unit costs of forage production, purchased feed, labor, and of land, buildings,
and equipment. For the traditional milk-producing areas, factors such as purchased
feed and forage production costs per cow were all negatively correlated with farm
profitability. Regardless of the location of the commercial dairy operation, increases
in per-cow milk production tended to significantly increase per-unit returns.

Results of tests of independence of potential or expected net farm income and
management practices identified the top 20 percent of performing commercial dairy
farms in the non-traditional milk-producing States as those using automatic takeoffs
on milking units and artificial insemination in their dairy production. For
commercial dairy operations in the traditional milk-producing States, top-
performing dairy operations were identified as those using automatic takeoffs on
milking units and those that milked their cow herds three times a day. Conducting
similar tests on a expected per-unit-of-returns basis identified the top 20 percent of
performing commercial dairy farms as those using artificial insemination and
automatic takeoffs on milking units, but only if the farm was located in the
traditional milk-producing States.
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Determinants of Financial Performance
of Commercial Dairy Farms

Hisham S. El-Osta and James D. Johnson

Introduction the new farm bill if they are to survive, the focus of this
report is to provide information that might prove useful

The Federal dairy policy under the 1996 farm bill calls © dairy farmers and policymakers alike during the -
for replacing government purchases of dairy products irfOUrse of the adjustment. Specifically, the report will
the year 2000 with a recourse loan program. The farm first prow;le insight _to t_he reg|o_nal dn‘ferencgs that
bill, which repeals the provision for a minimum support characterize the dairy industry in terms of size, labor
level for milk also rescinds provisions for assessments 2vailability, balance sheet, and farm profitability. -In
and for increasing and decreasing support levels basedPUrsuing this objective, the report will highlight the
on the estimated level of government purchases. Thesd €9ional differences by providing a pictorial
changes, in effect, will eliminate the role the representation of the means of these variates, by

government has played for many decades in supportingD_rOd_uc'ng tabulations that show how dairy farms are
milk prices. The likelihood of increased volatility in distributed across the ranges of some of these variates,

milk prices resulting from a market-oriented dairy by pIottl_ng cor_respondmg _L(_)renz curves, a”‘?' by

policy will adversely affect the financial position of presenting estimates of Gini coefficients, which are
many dairy farms, and may even force some to exit theN€IPful in describing concentration magnitudes. In
industry. Particularly vulnerable are the marginal prowdlng measurements O_f the _degree_ _Of concentration
operations with low production efficiency, and those N the resource base and financial position of dairy

that are highly leveraged. To minimize the potential of farms. the study in effect will be providing insight
this adverse effect, the Federal Government is stepping'©9arding the extent of heterogeneity that might exist
up use of the Dairy Export Incentive Program while ~ @mong farms in terms of their income-generating
many State governments are allowing for the capabilities, thus remedying the lack of work in this

establishment of multi-state dairy compacts designed t'€2- [n doing so, the report will have contributed to
establish a minimum milk price. the literature by extending the public knowledge base

about the dairy industry.

The financial position of dairy farms hinges on many
factors in addition to the price of milk, a factor no dairy
producer can control. Large dairy operations that are
utilizing the latest in technological innovation with high
rates of production, and small and mid-sized dairies
that are well managed and with low levels of
indebtedness are likely to continue to operate
profitably, even when dairy farming becomes
increasingly dependent on the free market. Other
factors that influence profitability in dairy production 1ERS generally defines a commercial farm as any farming opera-
are cost of inputs and efficient conversion of labor, tion with total annual sales_ of $50,000 or more _(Hoppe and o_thers,
feed, and capital resources into milk (Conlin), all of 1996). In the context of this report, a commermf'al dairy farm is

o A defined as any farming operation with annual milk sales of $50,000
which tend to fall under the control of the individual or more. The dairy enterprise in a commercial dairy farm defined

producer. in this manner is characterized as being dominant since data from
the 1993 Farm Costs and Returns Survey show that nearly 80 per-

To th tent that dai i il h t cent of all farm sales tend to be generated from the sale of milk.
0 the extent thal many dairy operations will have 10 54 note that excluded from the analysis are commercial dairy

adjust to the new economic environment set forth by  farms organized as nonfamily corporations or cooperatives.

This public knowledge base will be enhanced even
more as the report attempts to achieve its main
objective, which is to assess factors hypothesized to
affect the profitability of commercial dairy farrs.

This objective is achieved by using weighted multiple
linear regression where measures of profitability are
regressed againktindependent variables that describe

Determinants of Financial Performance of
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the characteristics of the farm, the enterprise, and the annual survey of farms conducted by ERS and the
operator. Once the functional relationships between  National Agricultural Statistics Service (NASS).
profitability measures and thkeindependent variables Because of survey costs, ERS and NASS collect
are estimated, hypotheses tests concerning estimated detailed surveys on a specific commodity only once
parameters are utilized to isolate the variables deemedevery 4 years. The FCRS fully integrates information
important to the profitability of the dairy farm. Having about the production practices and inputs used in the
fitted these regressions and having obtained the farm’s dominant dairy enterprise with structural
prediction equations based on the estimated parameters)formation about the farm’s financial position,
these prediction equations allow for the imputation of organization, and performance and demographic
farms’ potential or expected financial performance in  attributes of the operator.
the absence of any statistical noise.

ERS uses four general approaches to estimate
Two subsidiary issues are also investigated: (1) The = commaodity production costs: direct and indirect

guestion of how much variation in profitability is costing, valuing of input quantities, and allocation of
explained by th& independent variables, and (2) how whole-farm costs (Short and McBride, 1996). Direct
much variation in States’ financial performance is costing involves summarizing survey responses to

explained by the level of concentration of capital in guestions about the total amount paid for selected
farming and in the resource base, namely, debt capital, inputs and is especially suited for estimating variable
farm assets, farm equity, and cow inventory and its cost components. Indirect costing involves the

proxy milk sales. These issues will be investigated combination of survey information and engineering
using the concepts of the coefficients of separate formulas and is used in estimating machinery, building,
determination, and the coefficient of determination, and equipment replacement costs; fuel, lubrication, and
respectively. electricity costs; and repair costs. Valuing quantities of

inputs requires survey data of the physical quantities of
The third and final objective is to determine, based on inputs used in production (e.g., quantities of
expected financial performance, which management homegrown feed, hours of unpaid labor, etc.).
practices are employed by the top 20 percent of Allocating whole-farm expenses occurs for inputs that
commercial dairy operations. Such determination is  are not specifically associated with production of a
carried using a statistical test commonly known as the certain commodity such as general farm overhead,
F-test of independence. interest, property taxes, and insurance. For dairy
farmers, expenses incurred by the farm business for
The report, which builds on the work by Haden and  these items are allocated to the milk enterprise based on
Johnson (1989), and Kauffman and Tauer (1986), the share of total value of farm production attributed to
among others uses standard econometric methods to Milk sales.
identify important factors in financial performance of
dairy farm businesses. However, unlike in Haden and Figure 1 highlights the 1993 FCRS sample coverage of
Johnson and in Kauffman and Tauer, where data from milk production. Figures 2 and 3 show the ranking of
individual milk-producing States were used (Tennesseesampled milk-producing States based on changes in
and New York, respectively), the report uses milk production (1977-93) and in number of milk cows
representative and probability-based data collected by (1978-92). By comparing the ranking of each sampled
the Economic Research Service (ERS) from multiple  milk-producing area in both figures, evidence emerges

milk-producing States. that, with the exception of Pennsylvania, the traditional
milk-producing States of the Northeast and Lake States
Data Source and Delineation of Milk- are becoming stagnant in increases in milk output and

) number of milking cows.
Producing Areas d

_ Fallert and Blayney (1990) and Perez (1994) point to
The report draws on data from the Dairy Cost of factors that may have contributed to shifts in milk
Production version (COP) of the 1993 Farm Costs andprgqyction from traditional milk-producing States to
Returns Survey (FCRS). The FCRS, which has a those of the Southeast, Southern Plains, Pacific, and, to
complex stratified, multiframe design, is a national some extent, Mountain States, namely: (1) rapid

Determinants of Financial Performance of
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Figure 1

1993 Farm Costs and Returns Survey's sampling coverage of milk

production

Producers in the States shaded were surveyed about production practices

and costs of production.

Source: USDA, Economic Research Service.

Figure 2

Percentage change in milk production in
1977-93 in areas sampled by the 1993
Farm Costs and Returns Survey
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Source: Perez, Agnes. 1994. Changing Structure of U.S.
Dairy Farms. AER-690. U.S. Department of Agriculture,
Economic Research Service.
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Figure 3

Percentage change in number of milk cows,
1978-92, in areas sampled by the 1993
Farm Costs and Returns Survey

Percent change
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Source: USDA, Economic Research Service.
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Figure 4

Distribution of commercial dairy farms, number of milking cows,
and milk sales, by selected milk-producing States, 1993

Number of dairy farms Number of milking cows Milk sales

(75.1%) (34.2%) (34.2%)

(8.8%)a

0 (11.3%)
(16.1%) (11.9%)
(53.9%)
(54.5%)
"] Non-traditional (FL, CA, WA, TX, AZ)
] Traditional (MN, MI, WI, PA, NY, VT)
Other (GA, IA, MO, OH)
Source: USDA, Economic Research Service, Farm Costs and Returns Survey, 1993.
population growth, particularly in the West and Georgia, lowa, Missouri, and Ohio accounted for 16

Southwest, with its accompanying demand for locally percent of the total number of commercial dairy farms,
produced milk; and (2) the milder climate in much of  as a group they provided only 11 percent of all milk
the West and Southwest, which is more conducive to  sold, thereby diminishing their importance relative to
the production of high-quality irrigated forage and that of the other two groups of milk-producing States.
where there is less need for expensive housing facilities
or heated or insulated barns. Weersink and Tauer (199Based on the 1993 FCRS, 76,401 commercial dairies
found that dairy operations in the Western and Southernogether sold 1 billion hundredweight of milk produced
States have become larger because of the exploitation by about 7 million cows. For this report, we examined
of size economies. the levels of concentration in the financial and the
resource base and the determinants of financial
In the context of FCRS-sampled milk-producing States, performance of commercial dairy farms for a sample of

the importance of Florida, California, Washington, 503 commercial dairy farms from the traditional and
Texas, and Arizona as a leading group of non- the non-traditional milk-producing States. This sample,
traditional milk-producing States is emphasized in when expanded using the survey expansion factor,

figure 4. For example, while commercial dairy farms represents a population of 65,112 dairy farms, with the

in these five milk-producing States constituted only majority (almost 90 percent) located in the traditional

about 9 percent of all the commercial dairy farms, their milk-producing States.

milk cow inventories and milk sales stood at about one-

third of all cows and all milk sold. This was in stark  reviewer remarked, a better delineation of these States would have

contrast to the six sampled traditional milk-producing excluded Texas from the group of non-traditional milk-producing

States (Minnesota, Michigan, Wisconsin, Pennsylvania, States since the factors that characterize its dairy production are

New York, and Vermont). Together, these States common to those in both organizational types. Similarly, although
' ' ' . . Florida is organizationally similar to the Western States, it could be

accounted for about 75 percent of all commercial dairy

) ) i excluded because of the unique features that characterize its
farms, yet their cow inventory and milk sales stood at production methods. Both Texas and Florida are kept in the

about 55 percent.Figure 4 also shows that while analysis to save on degrees of freedom.
3Each observation in the FCRS, which is a multiframe stratified
2The division between traditional and non-traditional milk- survey, represents a number of similar farms, the particular number
producing States is intended to separate those States dominated bybeing the survey expansion factor. Each expansion factor, which is
traditional-style farms from those dominated by farms that are the inverse of the probability of the particular farm being selected,

large, specialize in dairy production, rely more on purchased inputs,is used to expand the FCRS sample to represent the population of
and have industrial-style division of labor. To this extent, as one  all farms.

Determinants of Financial Performance of
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Methodology surement of the proportion of equity that is owned by
the lower or upper deciles of the population. However,
the Lorenz curve of such variate remains useful since it
allows for a visual interpretation of the extent of the
dissimilarity that may exist across the two groups of
milk-producing States.

Highlighting Differences
Among Dairy Farms by Location

In accordance with the first objective of the study, a
highlight of the differences that might exist among i _ _
dairy farms in the traditional and non-traditional milk- The third and final method used to assess concentration

producing States is provided by charting the means of 1S that of the adjusted Gini coefficient originally
certain variables such as those pertaining to the size ofd€veloped by Chen, Tsaur, and Rhai (1982) and further

the operation, availability of labor hours, and farm developed by Berrebi and Silber (1985). As Lerman
financial performance. While reporting per-farm and Yitzhaki note (1985), the benefit of using the

averages is revealing, using per-farm averages as the adjusted anl is that it allows for the measuremeqt of
basis of discerning which group of farms fares better concentration regardless of whether the observations

can be misleading (Backhouse and others, 1988). For constituting a particular distribution are all positive.

example, a higher industry average could be attained ifFor the sake of demonstration, ¥tdenote thgth

in a given year the equity position of the top 5 percent farm's net farm income whej#.. #Yy, with somey;
of farm businesses improved dramatically, while that of
others remained unchanged. This would lead falsely to
the impression that the equity position of all farms had ~ o
improved. This report averts the potential for this type adjusted Gini is computed as:

of misinterpretation by providing evidence regarding N

how uniformly each of the variates considered in the @InY v —”T”
analysis is distributed. This is done by first producing G=(v) = =1 Lo
tabulations that show how farms are distributed across Eyi

the ranges of relevant measures. Specifically, this m ]+(1/ n)gx JE PPN

< 0, and letm be the size of the subset of farms whose
combined income is zero witty #..# Y4 The

) ; ) 1+2/0)Y j J=1
approach starts by first sorting the farms by a variate Ha2in El’y' =1 | Yma

(e.g., farm debt, farm assets, farm equity, net cash
income, etc.), and then by reporting the levels of the
variate held by each decile of farms. The larger the
spread between the levels of the variate held by the
upper decile relative to that held by the lower decile, where
the larger is the level of concentration, which also
implies that farms, in terms of the chosen variate, are yj =Y/ nY )
dissimilar.

and
Another method of examining concentration is that of
the Lorenz curve where the cumulative percentage of a
relevant measure is plotted against the cumulative per-
centage of farms. Using farm assets as an example, if
all dairy farms are equal owners of farm wealth so that

each 1 percent of the farms own 1 percent of the _ . . : o
wealth, then the Lorenz curve is diagonal, also known This formulation of the Gini normalizes the distribution

as the “egalitarian line.” If the upper 1 percent of farms®f Y In such a manner that the upper bound on the Gini
own more than 1 percent of all assets, then the Lorenz C0€fficient, due to the presence of negative values, does
curve lies below the diagonal, and will lie even farther not exceed unity. The Gini coefficient is related to the

away the higher is their proportion of owned wealth. Lorenz curve in that it is defined as the ratio of the area
The usefulness of the Lorenz curve becomes limited in P€tween the actual distribution depicted by the Lorenz

cases where a variate contains negative observations. 4For computational purposas,is determined where the sum of

Using equity as an example, the presence of negative e firstmfarms is negative and the sum of the firstl farms is
values makes the Lorenz curve unsuitable for the mea- positive.

_n
Y=Y Y/ n>o0. 3
i=1

In equation 1yj is the income share of thﬁJE1 farm.

Determinants of Financial Performance of
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curve and the line of equality to the area of the triangle Commercial dairy farms’ financial performande? is
under the line of equality (Bronfenbrenner, 1977, p. hypothesized to be a function of farm- and enterprise-
401). When all observations are positive, the Gini ratiospecific characteristics, and of experience in dairy
lies between zero, indicating complete equality, and 1, production as proxied by operators’ age as in the

signifying maximum concentration. following:?
11 15

Examining the Determinants FR =0g+ ) axXyj+a12TYPE+ ) ay PRACTICE; +¢, (4)
k=1 k=13

of Financial Performance

. , . whereFP; denotes eitheNFI or NRU of the th farm
The primary financial performance measure used here :
is net farm incomeNFl). NFI is defined as total (i=1,..., 0, Xq-X17 are rented acres per total operated
accrual receipts minus total accrual expenses when casdcres, size of largest tractor on farm, debt-assets ratio,
income is adjusted for changes in crop and livestock cow inventory, square of cow inventory, milk sold per
inventoriess Defined as such\FI thus measures the cow, forage cost per cow, purchased feed cost per cow,
return to operator and unpaid family labor, hired labor per cow, land and building and equipment
management, and equity capital. Lins, Ellinger, and  cost per cow, and age of farm operator, respectively;
Lattz (1987) find that profitability, which is an indicator TYPE, andPRACTICE are dummy variablesig is a

of farm ﬁnancigl performance that measures the extent opstant denoting intercept ang-o s are parameters
to which a business generates a profit from the use of , . : .
to be estimated using weighted least squaresg &d

land, labor, management, an ital i tter . )

and, labor, management, and capital is bette random disturbance. The varialll¥ PEtakes the value

represented when based on an accrual rather thanona__. " i . . .
: unity if the commercial dairy farm is a multi-owner

cash measure of income.

operation and takes the value zero otherwise. The

variablesPRACTICE, ; (k=13,14,15)take the value
The second financial measure used in the analysis is the i ( )

dairy enterprise’s net returns per unit (cwt) of milk sold Unity when the dairy operation’s level of technological

(NRU). Unlike NFI which is an absolute amount that ~ adoption is that of either a capital-intense,

relates to the performance of the farm busine®y)is ~ Mmanagement-intense, or combination of capital- and

defined as gross value of production less cash (both ~Management-intense technologies, respectively, and

variable and fixed) expenses and capital replacement, @ke the value zero otherwise.

per hundredweight of milk sofdThe fact thatlNRUis a

relative amount makes this measure amenable for comVariability of Financial Performance. Using

parison between one farm and another. equation 4k=1,..., 11)with NFI as the dependent
variable for demonstration, the variationNifl in the
two groups of milk-producing States after performing

SBased on financial guidelines set forth by the Farm Financial weighted least squares can be apportioned to the

Standards Task Force (FFSTF), financial performance refers to the contribution of different explanatory variables as in the
results of production and financial decisions, over single or multiple P y

time periods (Forbes, 1991). FFSTF further notes that measures oft WO cases discussed next.
financial performance such B8l include the effect of external and
uncontrollable forces (for example, drought and grain embargoes), \/ariance effects of each explanatory variabla the

and the results of operating and financing decisions made during th%bsence of anv covariation effects. the unexplained
course of the production period. FFSTF provides detailed y ! P

descriptions of other measures of profitability such as the rate of ~ Variability in NFI can be decomposed into a variability
return on farm assets, rate of return on farm equity, and operating component explained by the linear relationship between
profit margin ratio. Another potentially useful performance the dependent variabMFI and each of the explanatory

measure that has been widely used in the farm management variables, and an unexplained variability component
literature is that of management returns, which is computed as the . .
due to the error term as in the following:

residual remaining after imputed charges for interest on capital and
unpaid labor (operator and family) have been deducted from net

_ _ 2 2 2
farm income (Sonka, Hornbaker, and Hudson, 1989). onFl = 0(NFllag,ay,....0K )= 01011+ 05055 +0kOkk+Og,  ©)

6Capital replacement costs represent a charge sufficient to
maintain production capacity over time and include a charge for
purchased breeding stock, but not for replacement stock raised on
the farm, which are accounted for in other items of the account (see
Short and McBride for more detail).

7Estimation of a profit equation is not plausible here since the
FCRS does not collect information on prices of inputs and of
output.

Determinants of Financial Performance of
6 /ERS-USDA Commercial Dairy Farms | TB-1859



whereoy g is the unexplained variance of net farm L = (02011 + a0 0 12+ +a g 01) | ONE
income NFl;), a <.3Ienot.es an estlmgted paramm%rg Cp = (05010 91+ 02+ +0 Tk )  ONE
(whereg =1,.., B is variance of vanateé( andog is : ©)

. _ 2
variance of error terra. Ci = (0010 g + O 020 1o+.. 4030 1) | ONF -

The individual effect;) in percentage terms that each The explained variation of the dependent variatfé

of the explanatory variables has on the variatioNFi is described by the goodness of fit measRBfe which
can be measured as: is equivalent to the following:
2 £ 2 R2=§C-:Q/c (10)
Vi =|(afoy3)/ ) afojj {100 24 NFI»
= 1=
k ST -th .. :
Vv :[(G%GZZ) IS szcjj }100 9 whereCJ indicates thg"'' coefficient of separate deter
=1 mination. The unexplained variationN¥I is, hence,

equal to 1 minu&2.

outlined by equations 5-10 become those that measure
the variability in financial performance based on per-
Variance effects of all explanatory variabled/hile unit returns rather than on income per-farm.

equation 6 shows the extent that each variable alone

contributes to the variation in net farm income, relative Variability of States’ Farm Financial Performance.

k
- 2 2
Vi —[(chkwl -zlajcjj

]100 By replacingNRUfor NFI, the estimation procedures
J:

to other variables, a more useful variance Net farm incomed&FI;, wherei=1,..., n, and net returns
decomposition allows for the incorporation of the per unit of output are first sorted by the 11 States that
variance effects along with those of the covariances as comprise the two major groupings of milk-producing
in the following: States used in the report. Second, weighted means of

NFI;(NFl9 andNRU(NRU) and Gini coefficients
(Giniv,s) for v variates (debt capital, farm assets, equity,

cow inventory, and milk sales) are computed for the
respectives milk-producing States. Third, linear
regression models are used to express the relationships
betweerNFI andNRU and each of the concentration
ratios. Using\FI for demonstration, the relationships
between the weighted meansN¥l; by milk-producing

ONFI :O'(NF||(10,(11 ..... Gk):

2
0(1011+0(10'220 12F..+0 fyOgi +
G2G10'12+(X 090+, . +A N O + ’ (7)

AKd10}q + 0 o0 |e+---+0‘2|0 kkt Og

whereogg andogh (g#h) are variance of variated( State and each of tlveconcentration ratios result in
and covariance of variatesg>and %, respectively. regressions that take the following general form:
The variance oNFI as described in equation 7 can, NFlg=ag+01Giniys+eg ay

hence, be described as the sum of explained variance- '
covariance effects attributed to the model’s explanatoryWhereag anday are parameters to be estimated agd

variables Q) and unexplained variance due to an error (s=1,...,11) is the error term. The explained variation of
term. Thus, equation 7 can be rewritten as: NFIg is described by the goodness of fit measife,

ONFlI = Q+0; (8) also known as the coefficient of determination, and is
expressed as:

Consequently, the coefficients of separate determination .
are computed as: R®=afo11/0\F 12)

Determinants of Financial Performance of
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whereog1 is variance oGiniV,Sando,ﬁ is variance Results
of I\ﬁs.
Figures 5-10 provide a pictorial representation of the
Independence of Managerial Practices and differences among dairy farms in terms of size, labor
Expected Financial Performance availability, balance sheet, and farm profitability based
on the location of the dairy operation. The following is

Because managerial practices in general have been @ Summary of these differences:

found important to the success of the farming operation _ _ _ N )
(Sonka, Hornbaker, and Hudson, 1989), this study « Commercial dairy farms in non-traditional milk-

identifies those practices that are relevant to producing States are at least five times (both in terms of
commercial dairy farming, using what is commonly cow inventory and in amount of milk sold) larger, with
referred to in the literature as tReest of nearly two-thirds operating with herds of 150 milk

independence (Fuller and others, 1986, p. 44). To cows or more (figs. 5 and 6).

accomplish this, net farm incomes and per-unit returns

of commercial dairy farms in milk-producing States are * Commercial dairy farms in non-traditional areas use
first sorted, then two groups of farms are identified ~ twice as much labor, 2,732 hours per quarter year,
based on whether their net farm incomes and per-unit compared with 1,234 hours for commercial dairies in
returns exceeded the thresholds marking the incomes the traditional milking areas, with a portion of the labor
and returns of the top 20 percent of the population. ~ hours in both milking areas used to produce other
The design of hypotheses tested is illustrated by commodities beside milk. On a per-hundredweight-of-
accepting or rejecting the null hypothesig), idf milk-sold basis (cwt), t_his amouqts to (_).'04 gnd 0.11
hours per cwt, respectively. Unlike dairies in

independence between a farm’s undertaking of a certain

management practice and its financial success. SuccegsadmomJlI milk producing-areas, which tend to rely

is defined here as being in the top 20 percent of the ne nore on the operator as the main source of working
tIabor, dairies in non-traditional milk-producing areas

farm income and the per-unit retrns distributions. tend to rely on full-time paid labor for more than half
of their total labor requirement (fig. 7).

Figure 5 Figure 6
Average size of commercial dairy farms, Distribution of commercial dairy farms,
in selected milk-producing States, 1993 in selected milk-producing States
i Amount of milk sold by number of milking cows, 1993
Milking cows (1,000 hundredweight) y 9 ’
500 70 Percent
61.6 100
60
400 370 3150 or more
50 801 M Less than 50
300 40
60
30
200
20 404
201
0 0
Non- i Non- Traditional
traditional Traditional traditional 0-

. . Non-traditional Traditional
Source: USDA, Economic Research Service,

Farm Costs and Returns Survey, 1993. Source: USDA, Economic Research Service,
Farm Costs and Returns Survey, 1993.
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» Farm assets of commercial dairies in non-traditional < Figure 9 shows that a commercial dairy farm,

areas are twice as great as the assets of dairies in the particularly if located in a non-traditional milk-
traditional milk-producing areas (fig. 8). The value of producing State, tends to exhibit declining debt-to-asset
farm equipment in traditional milk-producing States is (DA) ratios and, correspondingly, tends to exhibit
almost identical to that of non-traditional milk- increasing equity value, as the farm operator gets older.
producing States indicating that commercial dairies in The fact that farmers 60 years or older have much
traditional milk-producing areas have a larger per- cow lower DA than operators under 40 (0.15 and 0.42,
machinery investment, given that they are one-fifth as respectively, for dairies in non-traditional areas, and
large. This observation, however, must be interpreted in0.14 and 0.19, respectively, for operators in traditional
the context that a portion of the value of the farm milk-producing States) is consistent with the notion that
equipment in both groups of milk-producing States is the farm business follows a life cycle that corresponds
used in the production of other commodities besides to the life cycle of the operator (Boehlje, 1973; Sexton
milk. Dairy farms in the traditional milk-producing and Duffus, 1977; Backhouse and others, 1988he
States tend to rely more on forage and grass productiorigher levels oDA of younger operators are

for herds’ daily intake, which explains the higher level compatible with their higher needs for expansion

of per-cow investment in farm equipment due to higher capital in the early stage of their life cycle. In contrast,
per-cow machinery requirements. In terms of lower DA levels by older operators indicate that their
indebtedness, non-traditional commercial dairies owe farm businesses have reached the stage in which
almost four times more than their counterparts in the operators are ready to begin the process of retirement or
traditional milk-producing areas, with non-real estate  of intergenerational transfer of wealth.

liabilities compromising the majority of the debt load.

Although more indebted on a per-farm basis, * Figure 10 shows striking regional differences in the
commercial dairy farms in the non-traditional milk- farm financial performance (measured here in terms of
producing States tend to have less farm business debt

on a per-hundredweight-of-milk- sold basis, at $6.98 8As in Sexton and Duffus, the term “life cycle” used here is not

per cwt compared with $11.04 per cwt for those in the intended to signify a movement of a specific group of operators
traditional milk-producing States. over time but rather as a reference of a cross-section of farmers at a
certain point in time.

Figure 7
Commercial dairy farms' quarterly distribution of labor, 1993
Hours Hours
— - , 3000 — . -
3000d  Non-traditional milk-producing States | Traditional milk-producing States
— * * 25001
25004 ]
2000+
20004 .
1500+
15004 i
10004 1000: I “ l I “ l
5001 5001
0 ) L) L) L) O ! ! ! !
. January-  April- July- October-
January- April- July- October-
March JLFJ)ne Septeymber December March June September  December
- Part-time paid workers |:I Unpaid partners, operator's spouse, household members
EXJ Full-time paid workers |:| Operator (paid and unpaid)

* Coefficient of variation ranges between 25 and 45 percent.
Source: USDA, Economic Research Service, Farm Costs and Returns Survey, 1993.
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the profitability of the farm business) of commercial hundredweight of milk sold, cow inventory, and milk
dairies. Consistent with the scale of their operation, sales (table 1). The upper 10 percent of commercial
commercial dairies in the non-traditional milk- dairies in the non-traditional and the traditional milk-
producing States have income on a cash basis (net caghroducing States have debt levels exceeding $763,978
income) or on an accrual basis (net farm income) that iand $256,699, respectively, illustrating a significant
five times larger than the income of dairies in the spread in debt levels. Regardless of where the dairy
traditional milk-producing States. operation is located (whether in the traditional or non-
traditional milk-producing States), debt of the top 10
The figures discussed above reveal that farms in non- percent of dairy farms is almost 90 times larger than the

traditional milk-producing States are, on average, debt of the lowest 10 percent of farfAsThe largest 10
larger, more in debt, wealthier, and more likely to percent of commercial dairies in the non-traditional
financially outperform farms in the traditional milk- milk-producing States have farm sizes over 40 times
producing States. While this information in and by larger than farms in the lower 10 percent of the

itself is useful, it falls short in revealing whether farms distribution. In contrast, dairy farms in the traditional
are homogeneous in terms of their financial position or milk-producing States exhibit less size-related variation
resource base. To remedy this, the farms are distributegince the top 10 percent of the farms are only 4 times
by farm debt, farm assets, farm equity, farm income larger than farms in the bottom 10 percent. Income,
(both net cash and net farm), net returns (gross returnswhether per farm on a cash or accrual basis or per
less cash expenses and capital replacement) per enterprise on a per-unit-of-output basis, appears to

0 ) 10Comparing the value of a particular measure that corresponds to
Because net farm and net cash income measures are absolute s goth percentile of the population to that of the value at the 10th
amounts and are size-driven, any comparison across farm businesspercentile yields a measure of inequality known in the literature as

es based solely on these measures must be interpreted with cautiorine decile ratio (Bronfenbrenner, 1977, p. 402).
Figure 8

Commercial dairy farm operator's balance sheet in selected
milk-producing States, 1993

Million dollars Million dollars
1.6- Farm assets 16 Farm debt
Financial
: * Purchased
inputs 12
Crop £
12- ] inventory
Farm
1 equipment 1 -
|:| Livestock Other
liabilities
Land and i
0.8- m buildings 0.8 Real
estate
0.6- 0.6
]
0.4- 0.41 *
0.2- 0.21
0 l l O =
Non-traditional Traditional Non-traditional Traditional

* Coefficient of variation ranges between 25 and 45 percent.

Source: USDA, Economic Research Service, Farm Costs and Returns
Survey, 1993.
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exhibit tremendous variation both within and across thebase and financial positions of these dairies tend to

two groups of milk-producing States.

Figures 11-13 present Lorenz curves that provide a

exhibit tremendous diversity, which in turn, suggests
potential complications in the design and
implementation of public policies, especially policies

graphical description of the distributions of commercial aimed at supporting income levels.

dairy farms in the non-traditional and in the traditional
milk-producing States, and of all dairy farms (i.e.,
regardless of their economic size) in all the FCRS
sampled States, by the various measures discussed

Table 3 shows the definitions and the corresponding
means of the variables used in two separate regressions
based orNFI andNRU as the dependent variable.

above. Figure 11 illustrates that the distribution of debtMeans of continuous and dummy variables are

capital for commercial dairies in the non-traditional
milk-producing States was by far the most
concentrated. For example, the figure shows that the
upper 10 percent of farms in the non-traditional milk-
producing States owed over 60 percent of all debt,

compared across the two groups of milk-producing
States and are tested for significant differences, using a
90-percent confidence interval (appendix). In terms of
continuous farm characteristics variables, mean rented
acres per total operated acres, mean size of largest

compared with about 40 percent by the top 10 percent tractor on farm, and mean debt-to-asset ratios are all

of dairies in the traditional milk-producing States. The
Lorenz curves of farm assets and farm equity in figure
11, as well as those for net cash and net farm income
(fig. 12), and milking cows and milk sales (fig. 13),
reveal that the dairy industry in the non-traditional
milk-producing States, in comparison with that in the
traditional milk-producing States, and in comparison

significantly different between the non-traditional and
the traditional milk-producing States. For the
continuous variables that describe enterprise
characteristics, only the means for the number of milk
cows, for purchased feed per cow, and for the cost of
land, buildings and equipment per cow (i.e., investment
per cow) are significantly different between the two

with that in all FCRS-sampled milk-producing States, isgroups of States. The means of the dummy variables

more concentrated.

The decile ratios and the Lorenz curves point to
commercial dairy farms in the non-traditional milk-
producing States having less evenly distributed
measures. The Gini coefficients shown in table 2
support these findings. The implication of the
distinctively larger Gini coefficients is that the resource

Figure 9

Commercial dairy farm's debt-asset ratios, in
selected milk-producing States,
by operator's age, 1993

Debts/assets
0.5
* B Non-traditional
0.44 [ Traditional
* Coefficient of variation
0.31 ranges between 25 and
45 percent
0.2
* *
0.14
0 =
Under 40 40-59 60 years or
years years over

Source: USDA, Economic Research Service, Farm Costs
and Returns Survey, 1993.
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that describe the type of business organization and the
type of production practices used in the operation are
significantly different between the two groups of milk-

Figure 10

Returns to operator's labor and management,
net cash income, and net farm income of
commercial dairy farms, in selected milk-
producing States, 1993

$1,000
240
Returns to
Il overator's labor
2004 and management
E Net cash
1604 * income
. |:I Net farm
120 income
] * Coefficient of variation
* ranges between 25 and
80+ 50 percent
404
° ]
-40 I ,
Non-traditional Traditional

Source: USDA, Economic Research Service, Farm Costs
and Returns Survey, 1993.
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Table 1-Distribution of commercial dairy farms, 1993

Proportion of farms ~ Non-traditional Traditional Proportion of farms Non-traditional Traditional
below or at milk-producing milk-producing below or at milk-producing milk-producing
specified levels States States specified level States States
Dollars per farm Dollars per farm
Farm debt Net farm income
10 percent 8,686 2,949 10 percent -27,353 -7,851
20 percent 25,923 13,540 20 percent -1,2774 2,407
30 percent 67,108 35,130 30 percent 886 8,689
50 percent 123,027 75,206 50 percent 40,506 22,762
70 percent 284,616 137,763 70 percent 128,750 38,904
80 percent 413,166 184,596 80 percent 227,208 48,461
90 percent 763,978 256,699 90 percent 358,853 60,761
Dollars per farm Dollars /ewt
Farm assets Net returns per unit
10 percent 309,070 243,315 10 percent -5.975 -6.68
20 percent 340,0851 363,125 20 percent -1.785 -4.01
30 percent 418,367 413,141 30 percent -0.79 -2.34
50 percent 765,832 569,812 50 percent -0.35 -0.54
70 percent 1,301,828 733,954 70 percent 1.62 0.99
80 percent 2,082,828 881,258 80 percent 2.89 2.17
90 percent 3,418,750 1,182,635 90 percent 3.755 3.57
Dollars per farm Cows per farm
Farm equity Number of cows
10 percent 162,713 166,978 10 percent 22 33
20 percent 259,0272 269,353 20 percent 72 40
30 percent 308,250 322,285 30 percent 113 43
50 percent 521,991 448,904 50 percent 186 56
70 percent 992,151 632,607 70 percent 303 70
80 percent 1,520,180 700,666 80 percent 497 83
90 percent 2,476,921 1,065,980 90 percent 900 121
Dollars per farm Dollars per farm
Net cash income Milk sales
10 percent -10,1293 1,118 10 percent 55,227 62,513
20 percent -2,094 12,525 20 percent 135,900 70,623
30 percent 20,612 20,776 30 percent 195,029 86,817
50 percent 58,320 31,243 50 percent 348,607 106,918
70 percent 159,321 47,731 70 percent 608,395 146,082
80 percent 268,099 58,101 80 percent 861,000 167,570
90 percent 564,182 78,604 90 percent 1,802,093 240,084

1This value is the average of the nearest asset values surrounding the 20th percentile as no single value exists at the lower quin-
tile of the distribution.

2This value is the average of the nearest equity values surrounding the 20th percentile as no single value exists at the lower
quintile of the distribution.

3This value is the average of the nearest net cash income values surrounding the 10th percentile as no single value exists at the
lower decile of the distribution.

4This value is the average of the nearest net farm income values surrounding the 20th percentile as no single value exists at the
lower quintile of the distribution.

SThese values are the averages of the nearest net returns per unit surrounding the corresponding percentiles as no single values
exist at the 10th, 20th, and 90th percentiles.

Source: USDA, Economic Research Service.
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producing States. Production practices involving a Table 2-Gini coefficients of farm debt, assets,
capital purchase (e.g., herringbone, parallel, polygon, o equity, income, cow inventory, and milk sales for
carousel milking parlor), or a production recordkeeping commercial dairy farms in selected milk-producing
system such as membership in a Dairy Herd States, 1993

Improvement Association (DHIA), are used in this

. . . . Item Non-traditional Traditional
study as proxies for the adoption of w_hat is known_ in States States
the literature (Zepeda, 1990), respectively, as capital-
and management-intensive technologdies. Ratio

Farm debt 0.756 0.57
. . Farm assets 0.568 0.343
Welghted_ least squares estlmatgs of factors ’ Farm equity 0.6251 03831
hypothesized to affect commercial dairy farms Net cash income 0.8021 0.5451
financial performance for thdFl andNRUmodels are Net farm income 0.8871 0.7361
shown in tables 4 and 5, respectively. The Cow inventory 0.608 0.305
appropriateness of splitting the data between the two Milk sales 0.628 0.343

groups O.f milk-producing States was tested (Pindyck 1The Gini coefficients reported here are based on the formu-
and Rubinfeld, 1981, p. 120). Based on computed F- lation of the adjusted Gini coefficient that corrects for the

statistics resulting from pooled regressions (appendix), presence of negative values.

the null hypothesis of equality of sets of coefficients = Source: USDA, Economic Research Service.

across milk-producing States (1.93 and 3.11 in tables 4

and 5, respectively) for the two models was rejected  To demonstrate, prolonged drought in the West caused

based on a 99-percent confidence interval. The premium-quality alfalfa in 1993 to be scarce, and the

rejection of this hypothesis implies that in 1993, the ~ damage from the 1993 excessive rains in some of the

determinants of financial performance for commercial Lake States reduced the availability of premium-quality

dairy farms differed across the two groups of milk- alfalfa (U.S. Department of Agriculture, 1993a, p. viii;

producing States. The remaining F-statistics in tables 4J.S. Department of Agriculture, 1993b, p. 6), thus

and 5 (9.80 and 5.32, 19.65 and 16.37, respectively) causing milk production costs of affected producers to

indicate that the explanatory variables considered in thebe higher. An example of the need to incorporate

analysis, as a group, were influential in explaining market-related data when examining financial

financial performance in commercial dairy production. performance in dairy production stems from the fact
that the price farmers receive for milk directly affects

TheR2 of 0.54 in table 4 indicates that the explanatory th€ir profit margins. To a large extent, classified
variables used in the weighted least squares explained Pricing of Federal and State milk orders and the

54 percent of the variation in the net farm income of ~ Proportion of milk used as fluid in various States
commercial dairy farms in the non-traditional milk- contribute to inter-state variation in the prices received

for milk delivered to plants (U.S. Congress, 1986).
producing States. This is in contrast to Rfeof 0.30 P ( g )

i th tional milk _ hich indi This, in turn, provides the basis for the milk price to be
in the traditional milk-producing St_ates, which Indicates ; g4rce of variation in the profitability of dairy
a much lower percentage of explained variation, 30

farms?2
percent. Significantly higher levels BE are found

with the net returns per unit model, 0.76 for the non-  Regression results from studies by Lins, Ellinger, and
traditional milk-producing States’ regression, and 0.50 | attz (1987) and Lazarus, Streeter, and Jofre-Giraudo
for the traditional milk-producing States’ regression (1990) find a negative and significant relationship
(table 5). Despite the fact that these levels of explainechetween farm profitability and debt-to-asset ratio.
variation depicted in both tables are fairly typical when

analyses are based on cross-sectional data, higher leve" 12rhe FCRS does not collect information on commodity prices.
might have been reached if weather- and market-relateinstead, price information needed in the computation of gross value

data, such as milk price' among others, were available. of production is based on annual State level information from the
U.S. Department of Agriculture’s Agricultural Prices. Contrary to
expectation, regressions performed with the State milk price as one
11The term “capital-intensive technology,” as in Zepeda, 1991, of the explanatory variables did not reveal a strong correlation
refers to a technology for which the largest single cost share for its between this variable and farms’ profitability, a result which may
implementation is capital cost. A management-intense technology have been caused by the lack of strong variation in milk price in
is defined similarly. 1993 in the selected milk-producing States.
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Figure 11

Lorenz curves of farm debt, assets, and equity: Commercial dairy farms in selected milk-producing States,
and all dairy farms in all FCRS sampled milk-producing States ,1993
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Figure 11

Lorenz curves of farm debt, assets, and equity: Commercial dairy farms in selected milk-producing States,

and all dairy farms in all FCRS sampled milk-producing States ,1993--continued
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Source: USDA, Economic Research Service, Farm Costs and Returns Survey, 1993.

Cumulative percentage of equity

Equity
100

80 -
60 - 7
40 %

20 -

I I I I
0 20 40 60 80
Cumulative percentage of farms

All FCRS sampled States

100



vdasNn-sy3/ 9T

6G8T-91 / SWwieH Areq [eloJawwo)

JO 8oUBLLIOLISY [BIDUBUIH JO SIURUILLISIS]

Figure 12

Lorenz curves of net cash and net farm income: Commercial dairy farms in selected milk-producing
States, and all dairy farms in all FCRS sampled milk-producing States ,1993
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Figure 13

Lorenz curves of milking cows and milk sales: Commercial dairy farms in selected milk-producing States,
and all dairy farms in all FCRS sampled milk-producing States ,1993
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Table 3—-Definitions and means of variables used in weighted least squares

Means?
Non-traditional Traditional
milk-producing milk-producing
Variables Definition Unit States States
Farm characteristics:
RAC Rented acres per
total operated acres Percent 51.532 32.46
MACH Size of largest tractor on farm Horsepower 882 106
DA Debt-asset ratio Percent 25.282 20.11
Enterprise characteristics:
cows Milk cows Number 3702 68
PEF Milk sold per cow Hundredweight 164 156
FCT Forage expense per cow Dollars 492 537
PCT Purchased feed per cow Dollars 6862 564
LCT Hired labor per cow Dollars 97 81
BCT Land, buildings, and
equipment per cow Dollars 2,6282 5,267
Operator characteristic:
AGE Age of farm operator Years 47 48

Additional attributes:

TYPE Type of business organization 0.402 0.20
1= multi-owner business
0= sole proprietorship

PRACTICE3  Advanced milking parlors (AMP) 0.352 0.07
Production record-keeping system (PRS) 4 0.142 0.53
Combination of AMP and PRS (AMP-PRS) 0.422 0.09

Performance measure:

NFI Net farm income Dollars 156,1472 28,446

NRU Net returns per unit of milk sold Dollars/hundredweight (0.03) -1.29

Sample 150 353

Population 6,737 57,375

1Estimates that are underlined have coefficients of variation (CV's) ranging from 25 to 30, and those in parentheses have CV's
exceeding 100 percent.

2Difference of mean in the Non-traditional milk-producing States category relative to the mean in the traditional milk-producing
States category is significant at a =0.10 or better.

3PRACTICE denotes a grouping of dummy variables in which the category reflecting no use of either AMP or PRS equals
zero and the remaining categories are ones. The types of milking parlors reflected by AMP include herringbone, side opening,
polygon, and carousel.

4An example of this is membership in the Dairy Herd Improvement Association (DHIA).
Source: USDA, Economic Research Service, 1993, Farm Costs and Returns Survey (Dairy Version).
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Table 4-Weighted least squares estimates of dairy farm profitability (NFI ) model,
for selected milk-producing States, 1993

Net farm income (NFI)

Non-traditional States (NT) Traditional States (T) Ho: BNT = BT

Variables! BNT t-statistic? Bt t-statistic? t-statistic3
INTERCEPT 136,823.67 0.62 -4,936.33 0.19 -0.65
RAC 110.89 0.10 -430.65C 3.24 -0.48
MACH -1110.09 1.35 25.36 0.21 1.40
DA -6,308.432 1.88 -216.68 0.99 1.858
COwSs 705.97P 2.26 767.08C 3.53 0.16
COWSSQ -0.02 0.82 -1.55¢ 3.75 -3.64¢
PEF 552.88 0.36 329.62C 3.55 -0.15
FCT -85.61 0.51 -3.77 0.35 0.49
PCT 22.35 0.24 -12.78C 2.58 -0.38
LCT -628.01 1.62 12.78 0.25 1.678
BCT -8.51 0.79 -2.338 1.75 0.56
AGE 275.32 0.08 -550.85P 2.32 -0.24
TYPE 85.74 0.00 9,910.46 1.09 0.16
AMP -359.51 0.01 -1,687.26 0.15 -0.02
PRS 26,530.58 0.35 -658.77 0.11 -0.36
AMP-PRS 62,214.47 0.85 24,736.45b 2.09 -0.52
R? (adjusted) 0.5393 (0.4878) 0.2988 (0.2676)

F-statistic(d,f) 9.80(15’ 135)C’4 5.32(15’ 321)C’4 1'93(16, 456)C'5
Sample 150 353 503
Population 6,737 57,375 64,112

a,b,¢ denote two-tailed statistical significance at 0.10, 0.05, and 0.01 levels, respectively.
1Except for COWSSQ, variables are defined in table 3. COWSSQ is the squared terms for COWS, respectively.
2Reported t-statistics are absolute values.

3Each t-statistic in this column tests the hypothesis that a specific estimated parameter in the profitability model of non-traditional
milk-producing States (that is, FL, CA, WA, TX, AZ) is equal to its corresponding counterpart in the profitability model of tradition-
al milk-producing States (that is, MN, MI, WI, PA, NY, VT). A negative superscripted t-statistic indicates that the corresponding
Bt is statistically smaller than its By counterpart. A positive superscripted t-statistic indicates the opposite (i.e., Bt > BT)-

4This statistic tests whether all regression coefficients, except the intercept, are zero.

SThis statistic tests whether the set of coefficients in the non-traditional milk-producing States' profitability model are all equal to
the set of coefficients in the traditional milk-producing States' profitability model.
Source: USDA, Economic Research Service.

Determinants of Financial Performance of
Commercial Dairy Farms | TB-1859 USDA-ERS /19



Table 5-Weighted least squares estimates of the dairy enterprise's per-unit returns (NRU) model, for
selected milk-producing States, 1993

Net returns per unit (NRU)

Non-traditional States(NT) Traditional States (T) Ho: BNT = BT
Variables® BNT t-statistic2 Bt t-statistic2 t-statistic3
INTERCEPT 2.0372 1.29 -1.7268 0.64 -1.20
RAC -0.0036 0.80 0.0011 0.08 0.34
MACH -0.0010 0.41 -0.0121 0.88 -0.78
DA -0.0119 1.43 -0.03182 1.78 -1.01
cows 0.0002 0.45 -0.0072 0.54 -0.55
COWSSQ -2.00E-08 0.38 6.00E-06 0.51 0.51
PEF 0.0453C 4.46 0.0864C 6.09 2.35b
FCT -0.0084¢ 7.82 -0.0076¢ 7.38 0.52
PCT -0.0052¢ 7.18 -0.0096¢ 7.85 -3.14¢
LCT -0.0037P 2.37 0.0007 0.13 0.83
BCT -0.0003¢ 3.33 -0.0002 1.51 0.44
AGE 0.0105 0.64 -0.0054 0.24 -0.57
TYPE 0.1558 0.37 -0.2868 0.43 -0.56
AMP -1.2335P 2.58 0.8165 1.04 2.23b
PRS -0.2602 0.49 0.4368 0.70 0.85
AMP-PRS -0.3122 0.70 0.4605 0.59 0.85
R? (adjusted) 0.7576 (0.7305) 0.4995 (0.4772)
F-statistic(q 19.65(15, 1355 16.37(15, 321)°% 3.11(16, 456)°"°
Sample 150 353 503
Population 6,737 57,375 64,112

a,b,¢ denote two-tailed statistical significance at 0.10, 0.05, and 0.01 levels, respectively.
1 Except for COWSSQ, variables are defined in table 3. COWSSQ is the squared terms for COWS, respectively.
2 Reported t-statistics are absolute values.

3 Each t-statistic in this column tests the hypothesis that a specific estimated parameter in the per-unit returns model of
non-traditional milk-producing States (that is, FL, CA, WA, TX, AZ) is equal to its corresponding counterpart in the per-unit
returns model of traditional milk-producing States (that is, MN, MI, WI, PA, NY, VT). A negative superscripted t-statistic indi-
cates that the corresponding Bt is statistically smaller than its By counterpart. A positive superscripted t-statistic indicates

the opposite (i.e., B> BNT)-
4 This statistic tests whether all regression coefficients, except the intercept, are zero.

S This statistic tests whether the set of coefficients in the non-traditional milk-producing States' per-unit returns model are all
equal to the set of coefficients in the traditional milk-producing States' per-unit returns model.
Source: USDA, Economic Research Service.
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Estimation of the net farm income model in the non-
traditional milk-producing States yields similar results,

expenditures on purchased feed as well as per-cow
investment in land, buildings, and equipment. The fact

where a significant and negatively signed coefficient of that the coefficient oECT is significant is not

debt-to-asset ratid(A) is also found. This implies that
for every 1-percentage point increaséif, mean net

surprising since commercial dairies in the traditional
milk-producing States tend to rely on operator and

farm income decreases by around $6,300. The positivefamily labor for over 70 percent of all of their labor

and significant coefficient dCOWSshows that each
additional cow brings in an additional $706 in net
income.

For the net farm income model in the traditional milk-
producing States, regression results show that a 1-
percent increase in the percentage of rented land
relative to total operated acrd®AQ lowers the
profitability of a commercial dairy by $433.Also, a
1-percentage point increase in the debt-to-asset ratio
lowers profitability by $217, however, the decline in
profitability is not statistically significant. Based on the
significance and the signs of tt®WandCOWSSG@
estimated parameters while holding all else constant,
net farm income of an average farm in the traditional
milk-producing States appears to increase at a
decreasing raté.

Improving levels of milk production per cow, as
indicated by the sign and magnitude on the estimated
coefficient of PEF, is shown to strongly affect the
financial performance of commercial dairy farms in the
traditional milk-producing areas. This result is in

needs (fig. 7). The coefficient &GEis significant

and negatively signed, implying that commercial dairy
farms operated by older farmers tend to earn less
income than dairy farms operated by younger farmers.
This finding is in line with Tauer’s (1995) who found
efficiency to initially increase with age then to decrease
as the operator became much older. Adelaja and Rose
(1988), who found negative correlation between age
and farm viability, attribute young farmers’ higher farm
earnings to the fact that they are more likely to adopt
cost-saving technologies due to the flexibility they
exhibit in making production decisions.

Of the dummy variables considered (thafli§PE,

AMP, PRS, AMP-PRSonly the coefficient oAMP-

PRSis shown to be significant. This result is consistent
with the notion that technology, at least in the early
stages of its implementation, works at increasing farm
income. Specifically, the results here show that
commercial dairy farms in the traditional milk-
producing States are likely to earn, on average, about
$25,000 more in net-farm income if their production
practices involve the use of an advanced milking parlor

accordance with findings by Carley and Fletcher (1986)in conjunction with the services of a Dairy Herd

and by Haden and Johnson (1989). In terms of the
other remaining enterprise-specific variables, the
coefficients ofPCT andBCT are negative and
significant, suggesting that, all else equal, net-farm
incomes of commercial dairies in the traditional milk-
producing States are inversely related to per-cow

Improvement Association.

The significantly higher levels of net farm incomes
associated with the adoption of combined capital- and
management-intensive technologies by dairy farms in
the traditional milk-producing States make it surprising
that these technologies are used by only 9 percent of

13As one reviewer notes, if net farm income decreases by $431 (€ farms (see table 3). _ Resear?hers hav_e often pointed
due to a 1-percentage point increase in rented acres, that may be t0 the size of the operation, credit constraints that can
interpreted as indicating that the rent paid by a dairy operator in thebe proxied by debt-to-asset ratio, human capital, and
traditional milk-producing States exceeds the amount that should berjgk preferences of the operator that can be proxied by

paid as land rent (i.e., the economic return that accrues or should
accrue to land for its use in production), which may also imply that
the rental market in these milk-producing areas is inefficient.

14The reader should note that what appears as a concave
relationship between herd size and net farm income is suspect, as
the significant effect bSEOWSSGhown here is primarily due to
the presence of an extreme point in the data where a large dairy
operation is shown to have huge losses, this is despite the
operation’s high residual returns from milk production. Regression
with this observation excluded yielded relatively identical

age, among other things, as important factors in
explaining the likelihood of technological adoption
(Feder, Just, and Zilberman, 1985). A binary variable,
with values of one denoting the adoption of these
combined technologies and with values of zero
denoting no adoption, was created and then used in a
simple logistic regression to analyze how these factors
affect the adoption decision (see appendix). Results of

parameter estimates as in the original regression, with the exceptiorthe regressions pointed to the importance of size in

that the coefficients of botBOWandCOWSS@re now positive,
although statistically insignificant.

Determinants of Financial Performance of
Commercial Dairy Farms | TB-1859

explaining the probability of adoption in both groups of

USDA-ERS / 21



milk-producing State® Figure 14 shows that for Figure 14

dairies in the traditional milk-producing States, the Probability of adopting capital- and management-
probability of adopting a combination of capital- and  intensive technologies (AMP-PRS),
management-intensive technologies tends to be highes by size of farm, 1993

at a size of operation equivalent to 650 milking cows  Probability

(see appendix, equation 16). The fact that the average
size of the dairy operation is only 68 cows may thus, in
itself, explain the lower rate of adoption. This is
consistent with the view by Feder, Just, and Zilberman
(1985) that smaller farms tend to be less inclined to
adopt technologies with large fixed costs, as in the case
of AMP-PRSechnology. As one reviewer has noted,
many dairy farms in the traditional milk-producing
States are family farms and are quite satisfied with the , , [
size of their operations (60-100 cows). Many of these
smaller family farms, based on the availability of
family labor and the management skills of their 02 F

0.8

Traditional

milk-producing
States

06 |

s

" Non-traditional
milk-producing

experienced operators, are able to produce milk as states

efficiently as larger operations with expensive milking

parlors. The importance of management ability tothe obt—— -t 1 1 11 1 11 T B
profitability of the farm business is also noted by 200 400 600 800 1000
Hoffman who found, based on farm records, that well- Number of cows

managed farms are able to compete in per-unit Source: USDA, Economic Research Service,
profitability with farms many times larger. Farm Costs and Returns Survey, 1993.

Table 5 presents results from estimating a model based * Each additional dollar of per-cow expenditures on
on net returns per hundredweight of milk. Findings that forage, purchased feed, hired labor, and land,
pertain to commercial dairy farms in the non-traditional buildings, and equipment, as indicated by the

milk-producing States are summarized as follows: coefficients ofFCT, PCT, LCTandBCT, respectively,
causes per-unit net returns to decrease.
* Size of the operation, as indicated by the « As indicated by the significant coefficient VP,
insignificant coefficients 0€COWSandCOWSSQ and because of higher replacement costs, farms with
appears irrelevant in determining the dairy advanced milking parlors have lower per-unit net
enterprise’s unit returns. returns than their counterparts with conventional
» The significant and positive sign BEFs milking parlors.

coefficient shows that each additional hundredweight Results pertaining to the estimation of net returns per

increase in the cows’ productivity is associated with a hundredweight of milk sold for commercial dairy

nearly 5-cent increase in per unit-net returns. operations in the traditional milk-producing States are
summarized as follows:

15The estimation of the logistic regressions yielded the following: ¢ A 1-percentage point increase in debt-to-asset ratio
Non-traditional milk-producing States: lowers per-unit returns by 3 cents.
InP; /(1-P;)=1.45- (0.09)A+(9.5E-4)A%+(0.001)’S - ( 1.5E-7)'S?
- (0.01)'DA + (2.5*E-4)*DA2, McFadden'sR? = 0.078.
Traditional milk-producing States:

« An increase in cow production increases per-unit
returns by nearly 9 cents.

InP; /(1-P;j)=-7.31+ (0.14)A-(0.001)*A2+(0.03)*S - ( 2.0E-5)"s? - « Of the types of expenditures considered, only the
(0.03)'DA + (2.9*E-4)*DA2, McFadden'sR2 = 0.193, where In is marginal increases in the cost of forage and purchas-
natural logarithmP; is the probability of adoptingMP-PRSech- ing feed significantly lower the per-unit net retutfs.

nology, and wherd, S,andDA are age, number of milking cows, o o _ _
and debt-to-asset ratio, respectively. Underlining of the variables ~ *Altis likely that the insignificance of the BCT variable is caused
denotes significance of the corresponding coefficients at 0.05 level. by the presence in the data of some large operations—mainly new
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The last columns of numbers in tables 4 and 5 denote variances of the explanatory variables (that is, when the
thet-tests of the difference in coefficients across the  covariance effects are suppressed) on the total variation
two groups of milk-producing States for the net farm  in net farm income, the size of the operation as

income and the net returns per unit of output models, measured by the number of cows appears to dominate.
respectively. The tests, which use a multiplicative Specifically, the variability in farm size alone (as

dummy variables approach (appendix), idenfi#, measured b OWSandCOWSSQaccounts for 86
COWSSQandLCT in the net farm income model as percent of the explained variation in net farm income
having significantly different coefficients across the when milk is produced in the non-traditional milk-

two groups of milk-producing Statés.This is producing States. When milk is produced in the
indicated byt-statistics of 1.85, -3.64, and 1.67, traditional milk-producing States, the variation in size
respectively (table 4). The implication of this is that, accounts for 89 percent of net farm income’s explained
with the exception of indebtedness and size of variationi8 Except for variations in debt-to-asset ratios
operation, and cost of hired labor, the determinants of in the non-traditional milk-producing States, and in the
farm profitability across the traditional and non- percentage of rented acreage and in cow productivity in
traditional milk-producing States appear the same. the traditional milk-producing States, variations in all

Using the multiplicative dummy variables approach on other variables exert little influence diFI's explained

the per-unit returns model reveals cow productivity, variation.

cost of purchased feed, and level of adoption of

advanced milking parlors as the only factors with

significantly dlﬁe.rent regre_ssmn coefficients across the 18n the absence of the extreme observation discussed in footnote

two groups of milk-producing States. 14, the variation in size (COWS and COWSSQ) accounts for 20
percent of the explained variation in net farm income in the tradi-

The results described in the previous sections are usedtional milk-producing States.

here to assess how variability in financial performance

is affected by each of the explanatory variables used in

the weighted least squares procedures (tables 4 and 5) _ . 1

Such assessment is accomplished by first apportioning Sélected milk-producing States, 1993

the variations ilNFI andNRUto the contribution of

each of the explanatory variables, and second, by usin

the method of coefficients of separate determination Non- Non-

where the sum of these coefficients for a particular Variables traditional Traditional traditional Traditional

Table 6-Decomposition of variance of net farm

income and net returns per unit of milk sold, by

Net farm income Net returns per unit

regression model equals the goodness of fit measure, States  States  States  States
commonly referred to R2 (Burt and Finley, 1968; Percent
Langemeier, Schroeder, and Mintert, 1992). RAC 0.01 3.56 0.17 0.00
MACH 1.09 0.02 0.02 0.88
. DA 10.08 0.36 0.73 151
Table 6 reports the extent to which each explanatory cows  81.47 3445 0.12 058
variable alone, relative to other variables, contributes tocowssQ 4.52 54.97 0.05 0.18
the explained variation in net farm income and in per- PEF 8-%2 g-gg Zl-gg 3;-72
; ; ; FCT . . 44. 18.7
unit returns. When considering only the effect of the POT 0.02 0.34 2311 3753
LCT 1.84 0.05 1.32 0.02
ones with newer facilities and equipments—that are highly efficient BCT 0.19 1.22 5.09 2.33
in the production of milk, which in turns, lessens BCT's negative =~ AGE 0.00 0.80 0.10 0.02
cost effect on per-unit net returns. Unlike in the 1993 FCRS where TYPE 0.00 0.34 0.05 0.05
information on the age of capital structure and equipments were notAMP 0.00 0.00 2.79 0.16
collected, such data were available in the dairy version of the 1989 PRS 0.03 0.00 0.06 0.19
FCRS. These data show that larger dairy operations (with at least AMP-PRS 0.37 1.01 0.19 0.07
twice the average size of 68 cows as reported in table 3) in the
traditional milk-producing areas do tend to produce milk with Total 100 100 100 100

significantly newer facilities and equipment than smaller operations.

17A positive t-statistic larger than a critical value indicates that _ ) N
the coefficient of the estimated model in the traditional milk- 1Th|s_var|ance decomposition suppresses the effects of the
producing States is significantly larger than its counterpart in the =~ covariances.
non-traditional. A negative t-statistic has the opposite meaning. ~ Source: USDA, Economic Research Service.
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Variation in the per-cow cost of Table 7-Coefficients of separate determination for factors affecting the
land, buildings, and equipment net farm income and the net returns per unit for commercial dairy farms,

contributes nearly 5 percent to the for selected milk-producing States, 1993
explained variation of per-unit

returns in the non-traditional Net farm income Net returns per unit
States, "f‘nd Its Cont“_bUt'on to the variables Non-traditional ~ Traditional Non-traditional ~ Traditional
total variance effect is exceeded States States States States
only by those from productivity c 0.000208 0014319 0.00876 0.000
: RA -0. 01431 .008765 .000154
per COWCPEF)’ ;oragehprod du?tlog MACH -0.003318 0.001887 -0.002335 0.004341
costs £CT), and purchased feed  p, 0.005421  0.001439 -0.002316 0.002162
costs PCT). In fact, variations cows 0.636998 0.030167 0.006544 -0.001064
from these three variables alone COWSSQ -0.115633 0.184782 -0.000513 0.001019
. o FC 0.000029 0.000584 0.398334 0.094327
total variance effect in this group o7 -0.002457  0.001005 0.269526 0.185205
of milk-producing States, with —;c7 0001466  0.003248 -0.010539 0.000653
variation in the forage production BCT 0.008004 0.007171 0.121897 0.012558
costs accounting for nearly half of AGE -0.000345 -0.000216 0.000424 -0.000199
the total. In comparison. 94 0.000009 0.008660 -0.004126 -0.000163
e fota ¢ hco pia 1SO d, 9 . AMP 0.000043  -0.000273 0.057292 -0.000764
percent of the explained variation  ppg -0.000901  0.000011 0.000253 0.002952
in the per-unit returns in the AMP-PRS 0.010742 0.018405 -0.009974 0.000828
traditional milk-producing areas
although the m_wportance_ of the Unexplained
forage production costs in variation 0.460677  0.701155 0.242364 0.500527

explaining the variation iNRUis
now second to that of the two
variables denoting productivity per
cow and purchased feed costs.

Source: USDA, Economic Research Service.

0.185, respectively) show that the per-cow productivity

Table 7 shows the results pertaining to the coefficients Of the dairy operation, and the per-cow costs of forage

of separate determination for factors affecting both the @nd of purchased feed exert a measurable influence on

net farm income and the per-unit returns for the variability of per-unit returns in the traditional milk-

commercial dairy farms. Size of the operation, as producing States.

indicated by the variablEeOWS s the most important

variable in explaining the variability in net farm income In an attempt to explain variations in the financial

of commercial dairy operations in the non-traditional ~ performance of the dairy industry in the traditional and

milk-producing States. This is based on a value of non-traditional milk-producing States, linear regression

coefficient of separate determination of 0.637, which is models are estimated using States’ mean net-farm

the highest of all variables. For commercial dairy income and mean per-unit returns as dependent

operations in the traditional milk-producing States, the variables, and Gini ratios of certain financial and

variation inNFI tends to be explained the most by the resource base variates as explanatory variables. When

size of the operation and by cow productivity. mean net-farm income is the dependent variable, the
coefficients of determinatiorRf) range from 0.602 to

In terms of explaining the variation in per-unit returns  0-826 (table 8), denoting that over 50 percent of the

in the non-traditional milk-producing areas, the variation in States’ expected net-farm income from

magnitudes of the coefficient of separate determinationgliry production is explained by the concentration in

point to the importance of forage Consumption per cow any of the financial and resource variates used in the

(0.398), per-cow cost of purchased feed (0.269), and analysis. Most dramatic is the result pertaining to the

per-cow land, buildings, and equipment cost (0.122).  concentration in debt capital and its effect on States’

The coefficients of separate determination of the mean net farm income. The significant and positive

variablesPEF, FCT, andPCF (at 0.192, 0.094, and coefficient ofGinigept Capitaﬂndicates that a 1-percent

Determinants of Financial Performance of
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increase in concentration in States’ debt capital

increases States’ mean net-farm income by around
$16,000t° In comparison, the significant and positive
coefficients ofGinicqy inventonNd ofGinimjlk sales

indicate that a 1-percent increase in concentration in

results in table 8 show that only around one-third of its
variation is explained by the concentration in debt,
assets, or equity, and variation is explained to a lesser
extent (nearly one-fifth) by the concentration in cow
inventory or in milk sales. In fact, increased

dairy production increases profitability by over $8,000. concentration in States’ dairy production is found not

When mean per-unit returns is the dependent variable,

19Gini ratios for debt capital, farm assets, equity, cow inventory,
and milk sales for the States considered in the analysis can be

obtained from the authors upon request.

significant in terms of impacting States’ per-unit
returns.

For the group of commercial dairy farms in the non-
traditional milk-producing States, and based on
potential (or expected) net-farm income (see equation 4
and results in table 4), the results of tests of

Table 8—Regression coefficients: State income (net farm and net returns per unit of output)
and selected explanatory variables, 1993

Regression variates

Variable included Q) (2) 3) (4) (5)
Net farm income

Intercept -907,955C€ -332,941C -414,368C -235,553P -271,941P
Ginigept capital 16,142°

Ginigssets 10,415¢

Ginigquity 11,353¢

Ginicow jinventory 8,440¢

Ginimilk sales 8,758¢
R2 0.673 0.749 0.826 0.607 0.602
R2 (adjusted) 0.636 0.721 0.806 0.564 0.558

F-Statistic(d‘f)

Net returns per unit of output

Intercept

Ginigept capital

Ginigssets

Ginigquity

Ginicow inventory

Ginimjik sales
R2

R? (adjusted)
F-Statistic(d,f)

Sample?

18.45(1‘10)(:

-6.95P
0.102

0.349
0.277

4.83(1' 10)a

11

26.86(1‘10)(:

-3.33P

0.07b

0.401
0.335

6.03(1, 10)°

11

42.63(1, 10)C

13.91(1110)(:

13.61(1110)(:

-3.74P 2.352 2532

0.070

0.05

0.052
0.414 0.237 0.229
0.349 0.153 0.144
6.35(1, 10)" 2.8(1, 10) 2.68(1, 10)
1 11 11

a,b,C genote statistical significance at 0.10, 0.05, and 0.01 levels, respectively.
1All explanatory variables are expressed as percentages.

2The elements of the sample are the States in the traditional (MN, MI, WI, PA, NY, VT) and the non-traditional (FL, CA, WA, TX,
AZ) milk-producing areas.
Source: USDA, Economic Research Service.
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independence in table 9 provide strong evidence that awill be reaped by dairy farms in the traditional milk-
farm’s use of automatic takeoffs on milking units and  producing States if efforts to increase efficiency in milk
of artificial insemination is associated with the farm’s  production are emphasized, along with increased
financial success, where success is defined as being inemphasis at controlling per-cow investment and cost of
the top 20 percent of the income distribution. The purchased feed. Significant improvements in
practice of using automatic takeoffs on milking units  profitability will result from adopting a technology that
and of milking cows three times per day by commercialcombines better recordkeeping with advanced milking
dairy farms in the traditional milk-producing States is  parlors.
found to be strongly related to their financial success.

For commercial dairies in the non-traditional milk-
Based on expected per-unit returns, which are not size-producing States, regression results based on a per-unit
driven like net farm income, none of the management returns model revealed the importance of cow
practices considered is strongly related to the financial productivity in increasing profitability. Dairy farm
success of dairies in the non-traditional milk-producing management in these States that lowers per-cow
States (table 9). This finding points to the likelihood expenditures on items such as forage production,
that better-than-average management in controlling purchased feed, hired labor, and per-cow investment
costs and/or size economies, rather than just will significantly improve the financial performance of
management practices that involve the use of advancedhese farming operations. Per-unit returns of dairies
technology makes certain dairies in the non-traditional with advanced milking parlors are found lower, because
milk-producing States climb to the top 20 percent. In of higher replacement costs, than the returns of dairies
contrast, the identification of a commercial dairy farm  with traditional milking parlors. For the group of
in the traditional milk-producing States as one of the

top 20 percent is shown to be strongly related to its useTable 9-Results of test of independence of

of artificial insemination. expected income (net farm and net returns per unit
of output) of top 20 percent of commercial dairy
operations and management practices, for selected

Conclusions milk-producing States, 1993
Findings from this study point to significant differences F-statistic
!n the resource base’.m the structure of pmﬂ.tab”ltY’ ancTest of independence Non-traditionall Traditional?
in management practices between commercial dairy States States

farms in the non-traditional and traditional milk-
producing States. Concentration measures such as  Net farm income

decile ratios, Lorenz curves, and Gini coefficients show Computerized milking system  1.03 0.03
. L Use of automatic takeoffs on
that debt capital, farm assets, equity, income, herd milking units 4.43b 13.94¢
inventory, an_d milk sal'es are more concentrgt_ed IN NON- )50 of artificial insemination 3.77b 0.16
traditional milk-producing States than in traditional Dairy cows milked three times
milk-producing States. per day 0.14 3.232
For commercial dairy operations in the non-traditional Net rétums per unit
ilk-producing States, performing weighted least computerized milking system 119 22l
Milk-p g s P g_ g Use of automatic takeoffs on
squares regression on a net farm income model milking units 0.32 1.37E-07
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Appendix
Test of Difference Between Means

The decision rule for testing the null hypothesig)(H
that the meang, andy, of variate X across two
groups of sample sizeég andn, are equal starts by
computing the following t-statistic (t*):

Hi~H2 ’

tr =
Voul Oy,

13

whereo denotes variance. If [t*] <= t@d~R2; n1+ny-2),
conclude H (that is, Ky 11 = Ho) wherea is the

attained significance level. The alternative hypothesis

(Hg) that the means are significantly different (that is,
Hg Hq # Ho) is concluded if [t*] > t(1¥/2; n1+ny-2).

It is important to note that because FCRS has a

The decision rule for testing the null hypothesig)(H
that the dummy coefficients; ,... 35 are all jointly

equal to zero originates by performing the followkg
statistic £*):

F* = m ™ Ay CoimAm (15)
whereA,,, denotes the m-dimensional vector, a subset
of the vectolA (A=[a(,..., Ak, 812,...023]), for which it

is hypothesized tha,,, = 0, and where Cmm is tima x

m portion of the estimated covariance matrixAdahat
is associated witAm (Fuller and others, 1986, p. 81).

If F* <= F(12; segments-strata), concludg Where

Ho 012=9013=..=023= 0, and where! is the

attained significance level. The alternative hypothesis
(Hg) that the coefficients of the dummy variables are

significantly different from zero (that is, 1015 # 813
#...# 8p3# 0) is concluded iF* > F(12; segments-

complex survey design, the formulation for the variancestrata). Rejecting Hlis equivalent to rejecting the

differs from that if data were based on simple random
samples (Fuller and others, 1986, p. 75; Dubman,
1997). Further, the proper degrees of freedom to be
used in establishing the critical t-statistic, particularly
whenn;+n,<30, is the number of segments (that is,

primary sampling units) minus the number of strata
(that is, mutually exclusive groups of farms that
partition the targeted population of farms) instead of
nq+ny-2. For further detail regarding FCRS survey

design, see U.S. Department of Agriculture, 1994.
Test of Equivalency of Two Regressions

The data for the commercial dairies in the non-
traditional and in the traditional milk-producing States
are pooled. A dummy variabl2 is constructed wittD

= 1 if the dairy operation is located in a traditional
milk- producing StateD = 0 otherwise. Using the
model in equation 4 less the dummy variables as an

example, the following regression for the pooled data is

The probability of not adoptingMP-PRScan be
written as:

formed:
11 23
NFI=ag+ ¥ agXg+812D+ 3 8Dy +§, 14
k=1 k=13

adequacy of one profit equation representing the net
farm incomes of commercial dairy farms across the two
milk-producing States considered in the analysis.

Logistic Regression

Benefiting from Pindyck and Robinfeld’s (1981)
discussion on logistic regression, lldde a binary index

coded 1 if thetD (i=1,...,n) commercial dairy farm has
adopted a combination of capital- and management-
intensive technologyAMP-PR$, and zero otherwise.
The probability P) of technological adoption is
represented by the following:

1

1+ PX

R=E(1=1%)= (16)

wheree is the base of the natural logarithimis the
expectation operatof is a vector of coefficient to be
estimated, anX is a vector of explanatory variables.

1-R @7

N
1+8%

wherea andd denote coefficients to be estimated, and gnq, correspondingly, the odds ratio in favor of

¢ is an error term.
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technological adoption can be represented as:
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R _1+f%  px
1-R 1+eP% ¢ 49
The log of the odds rati), commonly known as the
logit, is derived by taking the natural logarithm of
equation 18:

G = '”L-RP}M (19
|

Maximum likelihood procedures are employed using
PC-CARPto estimate the coefficients and test
hypotheses regarding the factors that affect the
technology adoption decision of the dairy operator.
Substituting the values of the estimated coefficients in
equation 16 allows for the estimation of the adoption
probabilities.

Test of Equivalency of Separate Coefficients
Across Two Regressions

Demonstrating with equation 4 after dropping the
dummy variables, let the following represent the
regression performed on pooled data:

11 23
NFl =0ag + dexk+612D+ ZékaXk+E, (20)
k=1 k=13

whereD is a dummy variable that equals one if the
dairy operation is located in a traditional milk-
producing area, zero otherwise. Since each of the
dummy coefficient®q,,...053, also known as

differential slope coefficients, measures the difference
in slopes across the two groups of milk-producing
States, resulting t-tests from the regression performed
on equation 20 provide useful information. For
example, if the-test that corresponds &g 3 indicates

thatdq 3 is significantly different from zero, then this is

equivalent to the finding that the coefficientsRAC

based on two separate regressions, one for each of the
two milk-producing States, are significantly different.

If the resultingt-ratio is positively signed, this indicates
that theRACs coefficient in the traditional milk-
producing States is significantly larger than its
counterpart in the non-traditional milk-producing
States.
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